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ABSTRACT 

EXPLORATORY STUDY OF THE EFFECT OF PULSE 
DURATION ON TEMPORARY THRESHOLD SHIFT 

PRODUCED BY IMPULSE NOISE 

OBJECTIVE 

To determine the effect of varying impulse duration upon tempo 
rary threshold shifts (TTS) in hearing while holding pulse intensity 
constant. 

RESULTS 

The two pulse durations studied were approximately 36 and 92 
psec. It was found that almost three times as many pulses were 
nec issary to induce TTS to the desired criterion with the 36 psec 
pulses as with the 92 psec pulses. The TTS's observed were most 
pronounced at 4 KHz and above, with a broad pattern of frequencies 
affected. 

CONCLUSIONS 

Pulse duration is a significant determinant of TTS from im¬ 
pulses. Further research is necessary to determine the interrelation¬ 
ships holding among pulse duration, intensity, and rise time as de¬ 
terminers of TTS from impulse sound. 
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EXPLORATORY STUDY OF THE EFFECT OF PULSE 
DURATION ON TEMPORARY THRESHOLD SHIFT 

PRODUCED BY IMPULSE NOISE 

INTRODUCTION 

Although there now exist reasonably adequate criteria as to what 
constitutes a safe exposure to continuous and intermittent noise (4), 
there are no comparable safety standards by which one can regulate 
exposure to short duration, high intensity impulsive noise. Although 
the problem has been recognized for some time, there have been rel¬ 
atively few studies of the problem. One of the earliest was by Murray 
and Reid (6) who exposed subjects to impulses produced by small arms, 
mortar, and artillery. They reported considerable temporary thresh¬ 
old shifts over a number of test frequencies with maximum shifts oc¬ 
curring between 4096 and 8192 Hz and increasing in magnitude, espec¬ 
ially at lower frequencies, as the number of rounds increased. They 
also reported large individual differences, as well as a decrease in 
susceptibility with repetitive exposures. Their data indicated that the 
chief determiner of temporary threshold shift (TTS) was the peak pres¬ 
sure per round rather than integral pressure, but admittedly their 
measures were approximate. They also reported that when a series 
of impulses was presented in rapid succession, the increase in TTS 
was not proportionately large, an effect confirmed by Ward (8) and at¬ 
tributed to the action of the acoustic reflex (AR). 

More recent studies do not generally support the idea that peak 
level rather than some combination of peak and duration determines 
TTS. Ward (9) reported more TTS following 25 pulses with a meas¬ 
ured peak of 150 db than Fletcher (1) did with 700-1400 pulses with 
a nominal value of 170 db. Ward suggested that the difference prob¬ 
ably was due to the wave shape; it is also possible that the fact that 
his pulses were in a relatively open field and Fletcher's in a small 
cavity around the ear may have been important. Rice and Coles (7) 
employed two kinds of gunfire in open and reverberant environments 
and concluded that pulse duration is an important factor determining 
TTS, such that longer pulse durations are appreciably more hazard¬ 
ous. In a recent experiment by Kryter and Garinther (3) the effects 
of gunfire from four kinds of small arms were compared. Analysis 
indicated similar spectra for all weapons. The TTS was reportedly 
comparable to that to be expected from continuous noise of compara¬ 
ble character. 
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In short, though there have been several experiments in which 
impulse duration has been considered, the only temporal c.iaracter- 
istic of impulse noise which has been systematically manipulated has 
been number of impulses. This latter characteristic apparently in¬ 
creases TTS {in db) linearly (10), but it does not follow that the re¬ 
lationship between pulse exposure time and TTS will be a similar 
function. A systematic study of this relationship has not been made 
for two principal reasons: (1) Most commercial transducers employ¬ 
ed for noise measurement do not have the dynamic range or the rise 
t.me and frequency response necessary for adequate impulse noise 
measurement. (There are those who feel that a frequency response 
above the audio range is unnecessary since the hair cells do not re¬ 
spond to such energy, but this position obviously rests upon a number 
of improved assumptions. ) (2) An apparatus which will produce im¬ 
pulses with peak-intensities comparable to those of gunfire noise and 
of comparable variable durations has not been available. 

The first problem is being solved with the appearance of several 
commercially available transducers. A start toward the solution of 
the second problem has been made with the development of a multiple 
spark-gap apparatus which will produce several overlapping or im¬ 
mediately successive impulses, the combined durations of which will 
approach the durations of gunfire and will equal (or even exceed) its 
peak levels. 

The present report is a description of an exploratory experiment 
in which peak intensity was kept constant and subjects were exposed to 
two different durations of impulses. 

I 
PROCEDURE 

I Subjects. Subjects were 67 enlisted men temporarily assigned 
to the US Army Medical Research Laboratory. All were volunteers 
in that they could, without prejudice, decline to participate. All sub¬ 
jects had undergone screening audiometry with a Rudmose ARJ-5 
audiometer calibrated to ISO standards and none of those participating 
in the experiment had hearing levels as great as 20 db at or below 
4, 000 Hz. 

I 
Í 

Apparatus. Impulses were generated by a spark-gap generator 
manufactured by R. W. Benson and Associates. An earlier version 
of this apparatus has been described in a previous article (5); this one 
differs in that, rather than having a single spark-gap generator that 
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produces an impulse of constant duration, it could sequentially fire, 
from one to six gaps, producing six different durations of impulse. 

In this preliminary experiment two settings of the apparatus- 
three gaps and six gaps--were employed. Subjects were seated in an 
anechoic chamber with one ear 6" {for the three gap setting) or 15 1/2" 
(for the six gap setting) from the gaps. According to measurements 
made with an LTV specially constructed microphone, with a nominal 
response flat to 500 KHz, the peak intensity at either position was 
166 db SPL. * Pictures showing the first positive and negative pulse 
(the output of the microphone fed through a Brüel and Kjaer preampli¬ 
fier into a Type 549 Tektronix scope) are shown in Figures 1 and 2. 
The duration of the positive pulse at three gaps is approximately 36 
psec; at six gaps it is approximately 92 psec. (Duration is here de¬ 
fined as time from first positive deflection to first zero crossing. ) 
By comparison the first positive pulse produced at the ear of a rifle¬ 
man firing a M-14 rifle is approximately 160 db, 220 psec (Fig. 3). 

Fig. 1. Tracing of oscillogram of three gap impulse noise. 
Each horizonfal division = 20 psec; peak = 166 db. 

*The measurements were made by Mr. Robert Camp, US Army Aero- 
medical Research Unit, Fort Rucker, Alabama, for whom the micro¬ 
phone was constructed. 
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Fig. 2. Tracing of oscillogram of six-gap impulse noise. 
Each horizontal division = 40 psec; peak = 166 db. 

Fig. 3. Tracing of oscillogram of impulse produced by M-14 
rifle. Each horizontaldivision = 1 00 psec; peak = 160 db. 
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Methcdology. Before exposure each O was tested on a Rudmose 
ARJ-5 modified B^késy type audiometer at Z50, 500, 7 50, 1,000, 1, 500, 
¿,000, 3,000, 4,000, 5,000, 6,000, 7,000, and 8, 000 Hz. They were 
also tested with an ARJ-4 modified so that the testing transducer was a 
condenser earphone and the test frequencies were 4, 000, 5, 000, 6,000, 
7,000, 8,000, 9,000, 10,000, 11,000, 1¿,000, 13,000, 14,000,1 5,000, 
16, 000, 17, 000, and 18, 000 Hz. Pulse tone audiometry was employed 
in every case. 

After testing, each O was exposed to impulsive noise, then re¬ 
tested, beginning with the ARJ-5, 90 sec after exposure, going through 
every frequency, and then continuing with the modified ARJ-4. With 
these audiometers, test time at each frequency was 30 sec, and it 
required 30 sec to switch audiometers. All Ss were tested with a 
minimum number of rounds on the first test day (10 impulses with six 
gaps and 7 5 with three gaps). The number of rounds were increased 
slowly on subsequent test days. Testing was discontinued when a loss 
greater than 20 db was encountered. The size of the increments in 
additional rounds was variable in this preliminary study. The initial 
increment for the six gaps was 10 impulses, and the increment was 
increased if no effect was apparent. The initial increment for the 
three gaps condition was 25 which similarly was increased as neces¬ 
sary. Needless to say, only one number of impulses was employed on 
a test day. On the following test day further exposure was performed 
only if the residual shift was less than 5 db (which generally was the 
case). Half the Ss were given three gap exposures first; half, six 
gap. 

RESULTS AND DISCUSSION 

The shifts (TTSs) were computed and tabulated for each O em¬ 
ploying the ARJ-5 data at 8, 000 Hz and below and the modified ARJ-4 
data for higher frequencies. It was found that more than 2/3 of the 
Ss had shifts exceeding 20 db within 10-25 rounds for the six gap 
setting, shifts being especially pronounced at 4, 000 Hz and above. 
However, one ÍS failed to shift 20 db with 300 impulses. Similarly, 
approximately half of the Ss shifted 20 db or more when exposed to 
75-100 impulses at three gaps, but one S shifted 20 db only with 1200 
rounds. 

The steps employed were too gross to discuss precise relation¬ 
ships between impulse duration, number of impulses, and TTS, but it 
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is interesting that an approximately equal number of people had com¬ 
parable TTSs with 10-2 5 impulses at three gaps (36 psec) and 7 5-100 

impulses at six gaps (92 psec). 

In order to obtain an idea of the pattern of IIS to be expected, 
the shifts for each O were computed at the last exposure employed 
(that producing shifts greater tnan 20 db); these were converted to 
estimates of TTS 2 min after exposure (TTS^) by procedures similar 
to those described by Kryter (2), averaged for each frequency, and 
the percentage of Os having shifts of 10, 20, 30, 40, 50, and 60 db at 
each test frequency were computed. (The values at 40 db and above 
were derived by extrapolation from Kryter's curves. ) The computed 
percentages are shown in Figures 4 and 5 respectively. Since a 
number of Os could not hear some very high frequencies, the figures 
were replotted using only those in the original group with measurable 
thresholds for every test frequency. These are plotted in Figures 6 
and 7. The number of observations on which the data points are 
based is shown in an inset in each figure; note that due to attrition 
the Ns are somewhat different for each data point. 

It is noteworthy that for both settings TTS is most pronounced 
at 4 KHz and above, though some subjects shifted at each test fre¬ 
quency and there is more shift at t! lower frequencies (especially 
2 and 3 KHz) with the six than with .e three gap settings. 

Also notable is the very broad pattern of frequencies affected. 
This is in accord with Murray and Reid's (6) findings. However, the 
TTS does apparently fall off at the very highest frequencies. 

Extensive generalization regarding the findings must await the 
collection of more data at more settings of the spark-gap generator. 

6 



3 
co 
O 
Ql 
X 
UJ 
Ql 
< 
0 
CO 

« o 

“ '•O <tf 

K 

■2 • 

.jaca 

■ JLJ WM WM “” 
M w w W « w 

I* „ oOOOOO 
\a* ssssj* 

at at at at at 
g O O O O O 
^ M fltt M M M I M M M _ _ „ _ h r5 3 
o o O O O Q 
ii C4 <*l •<«• lA -0 

Ë □ ■ □ □ □ 

(fl 

x: 
to 

c 
0 

■r-t 

Ih 
<u +J 

• rH 

o 
&0 
c 

X 
OJ 
a 
d 
o 
M 
ÛC 
1) 
Ci 

• r-4 

4-> 
si 
<v 

to I 
rt 
d 

T3 

T3 
G 

<U 
X> 

3 
G 
bo 
G 

* rH 

I 
X to 

rt 
G 
bo 
0 
4-> 
to 

•r-l 

X 

*sn auvsiONi hum % 

bo 
* rH 

Cg 

7 

fo
ll

o
w

in
g
 m

a
x

im
u

m
 t

h
re

e
-g

a
p
 
e
x

p
o

su
re

. 



M o* *» m 

Ul 
o 
a. 
X 

CL 
< 
O 

« 

K CM * 

« K **» Kft 

« O S s 

îf O» 

O «O 

K CM 
» « 

¿K ac ac ac s h 
o O O O O O 
S S s S Í s 
«««««£ 
O O O o O O 

5 D TJ U -O -O 

ÏSqOOOOO üwn^'irt'O 
03 B ■ □ ■ (Il 

U CM •O « 

U « 
kA «O 

K « * «O 

M CM r> o 

M cm <0 
M _ 
^ -O 

° « 

CM 'O 

^ Z 
Z 

3 
O 

8 

F
ig

. 
5
. 

H
is

to
g
ra

m
 
sh

o
w

in
g
 
n

u
m

b
e
r 

o
f 

in
d
iv

id
u
a
ls
 

in
 
e
n
ti

re
 
g

ro
u

p
 
e
x

h
ib

it
in

g
 
c
ri

te
ri

o
n
 
s
h
if

ts
 

fo
ll

o
w

in
g
 
m

a
x
im

u
m
 
s
ix

-g
a
p
 
e
x

p
o

s
u

re
. 



3 
G

A
P
 E

X
PO

SU
R

E
 

to 
T3 

Ui UU UJ tu UJ ut 
at at m at at 
o o o o o 
s s s s s 

o o O 0 0 0 
ut n n ■« ■! n 
“ T3 TJ T3 -D T3 

o o O O O 
ü <N D ^ U1 

O 
«0 

0 ® □ 0 □ 

^su auvsiaNi hum % 

r—< 

0 
Xi to 
0) 
fn 

,X¡ 

>N 
u 
a 
(U 
cr 
0) 
IH 

tie 

0) 
r"H( 

X3 
rt 
u 
3 
to 

0) 
£ 

* 
to 

r*H 

(¾ 
T3 

1 

1-. 
<D 

X> 
£ 
c 
M 
C 

• rH 

I 
0 
X 
to 

n3 

CtO 
0 

4-. 

(0 

-X) 

ab 
* rH 

Ut 

9 

e
x

h
ib

it
in

g
 
c
ri

te
ri

o
n
 
sh

if
ts
 
fo

ll
o
w

in
g
 m

a
x

im
u

m
 t

h
re

e
-g

a
p
 
e
x

p
o

su
re

. 



6
 G

A
P
 E

X
P

O
S

U
R

E
 o 

2 

0 
-o 

«* oc at ac a 
o o o o c 
2 2 2 2 3 
* at at at a 
O O O O C 
0 « co * « 

T» TJ U T 

o o o o o c 
— CN r> >* U-) >< 

Q ■ ■ □ ■ C 

îSH O11V3I0NI MUM X 

m 
X) 
r—i 

0 
X 
’</> 

<v 
u 
X 

>> 
u 
c 
<D 

cr 
(U 
b l+H 
X 
OB 

• r—t 

X 
<D 

r—H 

X 
a) 

d 
u) 
ret 
0) 
£ 
X 4-> 
■ rH 

(fl 
r-H 

re! 
d 

TJ 
• rH 

> 
• rH 

TJ 
C 

• rH 

'«H 
0 
Ui 
0) 

XI 
£ 
d 
c 
OC 
c 

• rH 

X 
(/) 

£ 
rei 
OB 
0 
(/) 

£ 

r-' 

OB 
* rH 

k 

10 

e
x
h
ib

it
in

g
 
c
ri

te
ri

o
n
 
s
h
if

ts
 
fo

ll
o

w
in

g
 
m

a
x
im

u
m
 
s
ix

-g
a
p
 
e
x
p
o
s
u
re

. 



LITERATURE CITED 

1. Fletcher, John L. Protection from high intensities of impulse 
noise by way of preceding noise and click stimuli, J. Aud. Res. 
5; 14 5, 1 965. 

2. Kryter, K, D. Exposure to steady-state noise and impairment 
of hearing. J. Acoust. Soc. Amer. 35: 1 51 5, 1963. 

3. Kryter, K. D. and G. R. Garinther. Auditory effects of acoustic 
impulses from firearms. Acta Oto-Laryngol. Suppl. ¿1 1, 1966. 

4. Kryter, K. D. , W. D. Ward, J. D. Miller and D. H. Eldredge. 
Hazardous exposure to intermittent and steady-state noise. J. 
Acoust. Soc. Amer. 39:451, 1966. 

5. Loeb, M. , J. L. Fletcher, and R. W. Benson. Some prelimi¬ 
nary studies of temporary threshold shift with an arc-discharge 
impulse noise generator. J. Acoust. Soc. Amer. 37: 313, 1965. 

6. Murray, N. E. and G. Reid. Experimental observations on the 
dual effects of gunblast. Med. J. Australia, L 611, 1946. 

7. Rice, G. G. and R. R. A. Coles. Impulsive noise studies and 
temporary threshold shift. Proc. Fifth Int. Congress on 
Acoustics, 1965. 

8. Ward, W. D. Effect of temporal spacing on temporary threshold 
shift from impulses. J. Acoust. Soc. Amer. 34: 1230, 1962. 

9. Ward, W. D. Auditory fatigue and masking. In: J. Jerger 
(Ed. ) Modern Developments in Audiology. New York: Academic 
Press, 1 963, pp. 2s.0-286. 

10. Ward, W. D. , W. Selters, and A. Glorig. Exploratory studies 
on temporary threshold shift from impulses. J. Acoust. Soc. 
Amer. 33: 781, 1961. 

11 



UNCLASSIFIED 
S ec u ri t y C lassifi cation 

DOCUMENT CONTROL DATA * RAD 
(Sacunty c lass iticaticm of titla, body of abstract and mdening annotation must ba antarad whan tha o raral f report is c las » if tad) 

1 OWiGINATiNG ACTIVITY (Corporate author) 

US Army Medical Research Laboratory 
Fort Knox, Kentucky 40121 

2a REPORT SECURITY CLASSIFICATION 

UNCLASSIFIED 
2b GROUP 

3 REPORT TITLE 

EXPLORATORY STUDY OF THE EFFECT OF PULSE DURATION ON 
TEMPORARY THRESHOLD SHIFT PRODUCED BY IMPULSE NOISE 

Final 
5 AUTHOR(S) (Last nam«, first name initia!) 

Fletcher, John L. , LTC, MSC 
Loeb, Michel. Ph. D. 

6 REPO RT DATE 

13 January 196? 
8a CONTRACT OR GRANT NO 

b Project no 3A0Z5601A819 

c Task No. Oü 

d Work Unit No. 017 

7« TOTAL NO OF PAGE« 

11 

7 b. HO OF R EFS 

1 0 
9» ORI GIN A TOR’S R EPOH T NUMOERfS> 

96 OTHER REPORT NOfSJ (Any othët numb«ra (bar may fee •••iflned 
ffei» mport) 

10 A V A IL ABILITY 'LIMITATION NOTICES 

Distribution of this document in unli mited. 

II SUPPLEMENTARY NOTES 12 SPONSORING MILITARY ACTIVITY 

US Army Medical Research and Develop¬ 
ment Command, Washington, D.C. 20315 

13 ABSTRACT 

Human Ss were exposed to a series of impulses of variable duration. 
Pre- and post-exposure hearing was examined to determine the differential 
effect of pulse duration on temporary threshold shift. An apparently linear 
duration effect was observed. (Ffy 

DD 1473 UNCLASSIFIED 
Security Classification 



UNCLASSIFIED 
Security CldssiíicuUon 

KEV WORDS 
LINK 

ROLE i 

A 

W T ROL 

LINK 0 

Ë ! W T 

L I N K C 

1. Hearing 
2. Impulse noise 
3. Audition 
4. Psychology 
5. Hearing Loss 
6. Noise 
7. Otology 

INSTRUCTIONS 

1. ORIGINATING ACTIVITY: Enter the name and address 
of the contractor, subcontractor, grantee. Department of De¬ 
fense activity or other organization (corporate author) issuing 
the report. 

2a. REPORT SECUWTY CLASSIFICATION: Enter the over¬ 
all security classification of the report. Indicate whether 
“Restricted Data" is included. Marking is to be in accord¬ 
ance with appropriate security regulations. 

2b. GROUP: Automatic downgrading is specified in DoD Di¬ 
rective 5200.10 and Armed Forces Industrial Manual. Enter 
the group number. Also, when applicable, show that optional 
markings have been used for Group 3 and Group 4 as author¬ 
ized. 

3. REPORT TITLE: Enter the complete report title in all 
capital letters. Titles in all cases should be unclassified. 
If a meaningful title cannot be selected without classifica¬ 
tion, show title classification in all capitals in parenthesis 
immediately following the title. 

4. DESCRIPTIVE NOTES: If appropriate, enter the type of 
report, e. g., interim, progress, summary, annual, or final. 
Give the inclusive dates when a specific reporting period is 
covered. 

5. AUTHOR(S): Enter the name(s) of authorfs) as shown on 
or in the report. Enter last name, first name, mi idle initial. 
If military, show rank and branch of service. T le name of 
the principal author is an absolute minimum recuirement. 

6. REPORT DATE: Enter the date of the report as day, 
month, year, or month, year. If more than one date appears 
on the report, use date of publication. 

7a TOTAL NUMBER OF PAGES: The total page count 
should follow normal pagination procedures, i.e., enter the 
number of pages containing information. 

7b. NUMBER OF REFERENCES: Enter the total number of 
references cited in the report. 

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter 
the applicable number of the contract or grant under which 
the report was written. 

8b, 8c, & 8d. PROJECT NUMBER: Enter the appropriate 
military department identification, such as project number, 
subproject number, system numbers, task number, etc. 

9a ORIGINATOR'S REPORT NUMBER(S): Enter the offi- 
cial report number by which the document will be identified 
and controlled by the originating activity. This number must 
be unique to this report. 

9b. OTHER REPORT NUMBER(S): If the report has been 
assigned any other report numbers f either by the originator 
or by the sponsor), also enter this number(s). 

10. AVAIL Ah,LIT Y/LIMITATION NOTICES: Enter any lim¬ 
itations on further dissemination of the report, other than those 
imposed by security classification, using standard statements 
such as: 

(1) “Qualified requesters may obtain copies of this 
report from DDC. “ 

(2) "Foreign announcement and dissemination of this 
report by DDC is not authorized." 

(3) “U. S. Government agencies may obtain copies of 
this report directly from DDC. Other qualified DDC 
users shall request through 

M 

(4) "U. S. military agencies may obtain copies of this 
report directly from DDC Other qualified users 
shall request through 

(5) "All distribution of this report is controlled. Qual¬ 
ified DDC users shall request through 

»» 

If the report has been furnished to the Office of Technical 
Services, Department of Commerce, for sale to the public, indi¬ 
cate this fact and enter the price, if known. 

11. SUPPLEMENTARY NOTES: Use for additional explana¬ 
tory notes. 

12. SPONSORING MILITARY ACTIVITY: Enter the name of 
the departmental project office or laboratory sponsoring (pay¬ 
ing (or) the research and development. Include address. 

13. ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document indicative of the report, even though 
it may also appear elsewhere in the body of the technical re¬ 
port. If additional space is required, a continuation sheet 
shall be attached. 

It is highly desirable that the abstract of classified re¬ 
ports be unclassified. Each paragraph of the abstract shall 
end with an indication of the military security classification 
of the information in the paragraph, represented as (TS), (S), 
(C), or (V). 

There is no limitation on the length of the abstract. How¬ 
ever, the suggested length is from ISO to 225 words. 

14. KEY WORDS: Key words are technically meaningful terms 
or short phrases that characterize a report and may be used as 
index entries for cataloging the report. Key words must be 
selected so that no security classification is required. Iden- 
fiers. such as equipment model designation, trade name, mili¬ 
tary project code name, geographic location, may he used as 
key words but will be followed hv an indication of technical 
context. The assignment of links, rules, and weights is 
optional 

AG 1116-0-Army-Knox-Mar 67-125 UNCLASSIFIED 
Security ülassiTícalton 


